Background-The effectiveness of Alcoholics Anonymous (AA) is difficult to establish. Observational studies consistently find strong dose-response relationships between AA meeting attendance and abstinence, and the only experimental studies favoring AA have been of 12-step facilitation treatment rather than of AA per se. Pending future randomized trials, this paper uses propensity score (PS) method to address the selection bias that potentially confounds the effect of AA in observational studies.
Introduction
Although Alcoholics Anonymous (AA) is the most widely-sought source of help for addressing severe alcohol problems (Room and Greenfield, 1993; Schmidt et al., 2007; Weisner et al., 1995) , the effectiveness of AA is difficult to establish. Observational studies consistently find strong dose-response relationships between AA meeting attendance and abstinence, but AA involvement in such studies is subject to selection bias, calling into question the specificity of the AA effect (Kaskutas, 2007, in press ). That is, by self-selecting to attend AA or not, drinkers sort themselves into groups which may differ on the underlying factors which drove their decision. For example, more motivated individuals may "self-select" to attend AA; and this higher motivation, rather than their AA attendance, could actually account for their subsequent abstinence.
To remove the threat to validity that arises from such self-selection, experimental studies are needed, but results from the few that have been conducted have been mixed. None of the studies that have randomized subjects to Alcoholics Anonymous (Brandsma et al., 1980; Ditman et al., 1967; Walsh et al., 1991) have found positive effects for the AA condition, whereas randomized studies of 12-step facilitation (TSF, a treatment intended to help patients become engaged in AA) have reported higher rates of abstinence in the TSF condition at 1 year (Project MATCH Research Group, 1997; Timko and Debenedetti, 2007 ) and 3 years (Project MATCH Research Group, 1998) . These mixed results may be due to the very concept of randomization to AA, which is a voluntary organization, freely available to anyone with a desire to stop drinking; individuals can still "self-select" to attend or not attend AA, regardless of the condition to which they may have been randomized.
Although randomized control trials are often considered the gold standard research study design, for research on AA (and, some have argued, for evidence-based practice more broadly (Tucker and Roth, 2006) ) they are limited. However, advanced statistical techniques such as instrumental variables, structural equation modeling, and propensity scores are available to confront some of the biases inherent in observational studies of AA. This paper uses propensity scores to assess AA effectiveness before and after adjusting for one's propensity to go to AA.
Methods of Statistical Control
In the absence of randomization, control for self-selection can be addressed via statistical methods. While our study is the first to our knowledge to apply the propensity score technique to the study of AA, other statistical approaches have been applied to the question of AA effectiveness. One technique, from econometrics, uses instrumental variables as a way of adjusting for the likelihood of self-selecting into AA. Instrumental variables are measures that are highly associated with the exposure of interest, but are not related to the outcome. For example, in studies of AA's effectiveness on abstinence, instrumental variables must be highly associated with AA attendance, but have no direct relationship with abstinence-a requirement often difficult to meet.
Results using instrumental variables have also been mixed. Fortney et. al. (1998) used two instrumental variables, ability to drive oneself to AA meetings and the presence of an AA meeting in the town of residence, and found that the effect of AA on abstinence was greatly reduced, from an Odds Ratio (OR) of 3.7 (using standard logistic regression) to an OR of 1.7 with correction for these two instrumental variables. Using different instrumental variables (perceived seriousness of drinking and use of information-seeking as a coping method), Humphreys et. al. (1996) found that AA was significantly associated with less severe drinking, with a stronger effect observed post-adjustment.
The instrumental variable method is believed to adjust for two sources of selection bias, the first caused by omitted variables (the "omitted variable" problem) and the second arising from reverse causation (or simultaneity, see (Wooldridge, 2002, p.50) . The omitted variable problem occurs because individuals select to seek the help or treatment being evaluated (in our case, AA) due to underlying but unobserved factors which are correlated with help seeking. Reverse causation happens when treatment (or help) is selected as the result of the outcome, rather than the outcome being due to the treatment, commonly caused by the problem of temporality (in that the outcome occurs before the treatment). By using instrumental measures correlated with treatment seeking/AA but not independently correlated with the outcome (abstinence, for instance), the instrumental variable method addresses both of these types of selection bias. The primary challenge with the technique is the choice of appropriate instrumental variables; frequently, the instrumental variables do not explain much variation in the explanatory variable (treatment/AA) (Bound et al., 1995) .
A study using another statistical approach, structural equation modeling, which attempts to address the directionality of influences, showed that prior AA involvement predicted subsequent lower drinking problems whereas prior drinking problems were not predictive of subsequent AA participation (McKellar et al., 2003) . While addressing the problem of reverse causation, structural equation modeling can not fully adjust for the selection bias caused by not having potential confounders (the omitted variable problem).
Propensity Scoring
The propensity score (PS) method is an alternative to the above approaches, by allowing investigators to consider all known and measured potential confounders without compromising statistical power. Proposed initially by Rosenbaum and Rubin, the PS method either statistically stratifies or matches individuals by their propensity to do something, in our case, to go to AA. This propensity is operationalized as a "propensity score." In their 1983 seminal paper (Rosenbaum and Rubin, 1983 ), Rosenbaum and Rubin showed that the scalar propensity score is sufficient to remove bias from all observed covariates. They then demonstrated bias reduction and adjusted effect estimations, using approaches of both PS stratification (Rosenbaum and Rubin, 1984) and PS matching (Rosenbaum and Rubin, 1985) . Following their work, many methodological papers and review articles have been published giving more detailed information on model construction, variable selection, and robustness of estimation (e.g. (Brookhart et al., 2006; Dehejia and Wahba, 2002) ).
There are several advantages using the PS method. The degrees of freedom required when entering numerous predictor variables in a regression equation, for instance, can result in Type II error (failing to detect a true difference) unless the sample size is quite large. In contrast, a great number of potential confounders can be included in the construction of the propensity score, because the variables are not being used as individual independent variables; they are only used to construct the score. In addition, the PS approach allows one to examine whether the treatment group and the untreated group are fully balanced in terms of all observed potential confounders. For our purposes, the approach is aimed to balance the AA-attender and AAnonattender groups as treatment conditions similar to what is accomplished by randomization in randomized controlled trials. Propensity scores take into account all known observed potential confounders.
Of course, PS analysis cannot do anything about unknown unobserved (unmeasured) confounders, which can only be balanced by randomization. However, when randomization itself introduces bias, propensity scores represent a good option for addressing the omitted variable problem that arises from not controlling for all confounders when attempting to establish causation. As noted above, randomization to AA is problematic because AA is freely available in the community and it is not possible to forbid study subjects to attend AA; this introduces its own selection bias.
The capability of the propensity score method for addressing the selection bias problem depends vitally on the extent of the available covariate measures used to capture potential confounders. If key confounders are omitted in the construction of propensity scores, the selection bias arising from omitted variables fails to be adjusted. The confounders of concern are those that are strongly related both to AA attendance and to outcome.
Our analysis here is enhanced by a rich set of potential confounders between AA attendance and abstinence. These include self-motivation (operationalized here as readiness to change) (Isenhart, 1997; Kaskutas et al., 2002) and coercion by others (Ammon et al., 2008; George and Tucker, 1996; Weisner et al., 2003; Weisner and Matzger, 2002) , which are expected to affect study participants' decisions to go to AA and independently contribute to their becoming abstinence. A different type of example is problem severity, which is a strong predictor of AA attendance in almost any study of AA affiliation (for a review, see (Bogenschutz, 2008; Emrick et al., 1993) ; also see (Humphreys et al., 1991; Kaskutas et al., 2002; Morgenstern et al., 2003) ; and see (Tucker and Gladsjo, 1993) for an exception). Yet individuals with greater alcohol problem severity may be less likely to quit drinking (Kaskutas et al., 2002) or to cutdown significantly (Matzger et al., 2004) , regardless of going to AA or not. Failing to adjust for motivation would lead to overestimation of AA effectiveness, while not adjusting for problem severity could underestimate the effect.
Other confounders, which to varying extents might affect AA-going and abstinence, include help-seeking experiences, such as having prior alcohol treatment (Humphreys et al., 1998; Kaskutas et al., 2008) , the type of setting in which treatment was received (for example, clinically-oriented, hospital setting, community setting, etc.; see (Barrows, 1998; Borkman et al., 2007; Kaskutas et al., 2004) ), and prior experiences with AA (Timko et al., 2006a) , Social influences also could act as confounders, in either direction, as with positive social support (Kaskutas et al., 2002) or heavy drinking networks (Kaskutas et al., 2002) .
In addition to these established confounders, several demographic variables have been found to predict AA involvement, outcome, or both. Although the direction of influence is not consistent, and their effect is not always significant, likely candidates include female gender and married status, as well as age, education, ethnicity, and SES (Ammon et al., 2008; Bogenschutz, 2008; Dawson et al., 2005; Del Boca and Mattson, 2001; Emrick et al., 1993; Kaskutas et al., 2008; Timko, 2008; Timko et al., 2006a; Timko et al., 2002; Tonigan et al., 2002; Witbrodt et al., 2007 ).
In the current study, we utilized a prospective cohort study which recruited participants seeking substance abuse treatment who were followed-up a year post-treatment entry. We employ two propensity score methods (stratification and matching) to evaluate AA's effectiveness on alcohol abstinence. The propensity scores will adjust for potential selection bias by including all potential, measured confounders of AA attendance and alcohol abstinence. AA exposure is evaluated by any AA attendance for the 12-month period preceding the 1-year follow-up interview, and the outcome is abstinence for the last 30 days prior to the 1-year follow-up. Although AA attendance could happen within the last 30 days, the short period of overlap minimizes the problem of temporality and helps adjust for potential selection bias caused by "reverse causation".
Method

Sample
Baseline data used here are drawn from clients in 10 large specialty alcohol treatment programs in a northern California county. Inpatient and outpatient programs with fewer than five new clients per week were excluded, as were DUI programs and programs that are primarily aftercare in nature. The study sites represent clients with diverse insurance and funding resources, including public, private and health maintenance organizations (HMOs), with approximately equal numbers of clients recruited from each funding pool. In-person interviews were conducted within the first 3 days of treatment at the inpatient sites, or within the first 3 sessions at the outpatient ones. The baseline data collection, performed in 1995 and 1996, resulted in 927 completed interviews, with a response rate of 80%. For more information on the sampling frame, please see (Kaskutas et al., 1999) . One-year follow-up interviews were conducted by telephone (or in person when unreachable by telephone) with 78% of the baseline sample (n=722).
Of these, 153 individuals were excluded from the analysis (68 current abstainers who had not drank alcohol in the year prior to baseline, 20 individuals who were missing data for AA exposure, and 65 participants who were missing data on variables required to construct the propensity score), resulting in an available sample size of n=569. Sample demographics are shown in table 1 by AA attendance status.
Measures
Outcome-The outcome variable used here is a dichotomous variable indicating whether the respondent drank any alcohol in the 30 days before the 1-year follow-up interview.
Exposure-AA attendance at the 1-year follow-up based upon the previous 12-month meeting attendance.
Potential confounders-We were interested in six categories of 21 potential confounders: Self motivation and external coercion, alcohol problem severity, help-seeking, social influences, and demographic characteristics,. All confounders were baseline measures.
Motivation to change was operationalized through the readiness to change summary index of 12 items from Prochaska's stage of change scale (range 12-60, Cronbach's alpha=0.87) (Prochaska and DiClemente, 1984) . The 12 items of the summary index represent all four subscales of the stage of change construct (precontemplation, contemplation, action and maintenance). These have been used in other publications from this study (Kaskutas et al., 2002) Five response categories were offered, ranging from "strongly agree" to "strongly disagree."
Coercion was based on two indices respectively measuring the number of sources of pressure who suggested treatment (range 0-7), and who gave an ultimatum to seek treatment (range 0-7). Sources included family, friends, doctors, co-workers, clergy, legal and social system contacts.
Baseline problem severity was assessed using three summative measures: the Addiction Severity Index (ASI) composite score (range 0-1) (McLellan et al., 1985) representing past 30-day alcohol problem severity; the number of dependence symptoms (based on nine items, such as got drunk when should not, blacked-out, had eye-opener, had shakes; range 0-9, alpha=0.84); and the number of alcohol-related consequences (based on eight items, e.g., being arrested when drinking, having an accident or close call when drinking; range 0-8, alpha=0.55) experienced in the past 12 months.
Three measures of help-seeking were used to capture formal and informal service utilization. At baseline, we assessed the number of AA meetings in the past year, the number of specialty treatment episodes attended in the past year, and the type of program at which the study participant was seeking treatment when recruited for the study: a publicly-funded program in the community, a privately-funded hospital-based program, or an outpatient clinic in a Health Maintenance Organization (HMO). In contrast to the other program types, publicly-funded programs rely mainly on the 12-step community and 12-step philosophy as the key therapeutic ingredients (see (Borkman et al., 2007; Kaskutas, 1998) ) and may be equally effective (Witbrodt et al., 2007) , so this measure is an especially good candidate for potential confounding of AA effectiveness. At follow-up, the key variable, "AA attendance," was based on whether the respondent had attended an AA meeting in the past 12 months or not.
Two types of social influences were considered: the size of the social support network, and its drinking-related characteristics. To capture network size, we asked about the number of people you have available "to talk to when you are worried about personal problems," the number who have "helped you with practical things when you needed it," and the number of family members and friends who "you have regular contact with" (all range 0-30). The drinking influences in the social network focused on "problem drinkers" and individuals who "encourage you to drink or use drugs." These variables were entered both as counts and as the percentages of the group of regular contacts (counts range from 0-20 and 0-30 respectively) Finally, five demographic variables were considered as potential predictors of AA attendance: gender, age, level of education (range 1-6), ethnicity (white, black, other), and marital status (married, separated/divorced/widowed, single).
Analysis
The propensity score analysis involved three steps: (1) constructing the propensity scores; (2) balancing the sample based on their propensity scores; and (3) estimating the effect of AA on abstinence with and without the propensity scores. In step 1, the propensity scores were estimated using multivariate logistic regression models predicting AA exposure during the 1-year follow-up period. First, 21 potential baseline predictor variables (described above, and listed in Table 1 ) were entered as fixed main effect independent variables. A forward selection approach was then used in the PS estimation, with quadratic terms for the continuous variables as well as all interaction terms between the 21 potential confounders entered into the model sequentially, and with those quadratic and interaction terms significant at p < 0.05 retained. The propensity scores, the predicted probabilities of attending AA, are calculated for each individual using the person's values for each predictor variable and the respective coefficient from the model. The final estimated propensity scores are the conditional probability of AA attendance estimated from a vector of the 21 observed independent predictor variables plus one quadratic and eight interaction terms.
Step 2 employed two techniques to balance the sample: PS stratification and PS matching. With PS stratification, the predicted probabilities from the fitted logistic regression were sorted for the whole sample by increasing magnitude, and divided into five equal size groups (quintiles), such that the predicted probability of AA attendance was lowest in the first quintile and highest in the 5 th quintile. Individuals in each quintile thus are (after appropriate testing, described below) considered homogenous or balanced in terms of the potential confounders of AA effectiveness between the AA-attender and AA-nonattender groups.
Using the PS matching approach, the logit form of the estimated probability was used to match between the treated and untreated groups, following suggestions in the literature Rosenbaum and Rubin, 1985) . The STATA user-written command PSMATCH2 (Leuven and Sianesi, 2003) was used to locate the nearest available match, with the maximum distance (referred to as a caliper) limited to 0.1. This caliper width used here, equivalent to 7% of the standard deviation of the logit PS for the treated and untreated groups combined, is much less than the 20% recommended by Rosenbaum and Rubin (1985) and thus is expected to remove even more bias (because we are matching to individuals with a more similar propensity to attend AA).
Two different matching analyses were performed: (1) matching the AA-attender group using the AA-nonattender group, and (2) matching the AA-nonattender group using the AA-attender group. For the first matching, 282 AA-attender study participants were matched by 102 AAnonattenders, with those in the AA-nonattender group used one or more times to achieve the best match. Similarly for the second matching, 209 subjects in AA-nonattender group were matched by 104 AA-attenders. All cases without matches were discarded from subsequent analysis of the matched PS sample.
Before the PS-stratified and the PS-matched samples were used to evaluate the effect of AA on abstinence, we assessed whether the covariates used in the PS construction were fully balanced under PS stratification and under PS matching. Two-way ANOVAs were fitted to evaluate the stratification approach, with the dichotomous AA-exposure variable (AA exposed vs. not) and quintile membership entered as predictors of each propensity score variable separately. The F statistics from the AA-attender variables were then used to assess if there were significant differences between the AA-attender and AA-nonattender groups. For the PS matching approach, the differences between the matched AA-attender and AA-nonattender groups for each propensity score variable were evaluated using both t-tests and the standardized difference. The standardized difference is the percentage of the absolute difference in sample means divided by an estimate of the pooled standard deviation. Since t-tests before and after PS matching cannot be compared directly due to change in sample size and inflated standard errors (because of multiple matchings), standardized differences have been recommended as a better measure in assessing balance (Austin, 2008 ).
In step 3, once the covariates were shown to be fully balanced between the AA-attender and AA-nonattender groups, a simple difference in means was used to estimate the AA effect (step 3). For the stratification approach, the differences were first derived for each quintile, and the average difference across the quintiles was considered the overall adjusted effect. For the matching approach, the differences in means were calculated with both the AA-attender matched and AA-nonattender matched scenarios, from STATA PSMATCH2 module (Leuven and Sianesi, 2003) . Table 1 lists all potential confounder variables used to construct the propensity score (step 1), and shows the effectiveness of PS stratification and PS matching in balancing the attender and nonattender groups (step 2). The first part of the table (left-hand side columns) presents comparisons between the AA-attender and AA-nonattender groups at the 1-year follow-up before considering the PS method. For example, the proportion of males in the AA-attender group was 59% and the proportion of the AA-nonattender group that was male was 56%. The mean ages were 38.8 years and 36.8 years respectively.
Results
Propensity Score Stratification/Matching
The fourth column reports the F-statistics comparing the proportions or means for each potential confounder variable between the AA-attender and AA-nonattender groups. As shown by the before-stratification F-statistics, several large differences were observed between the AA-attender and nonattender groups prior to PS stratification, particularly for baseline variables such as readiness to change, pressure from others to get treatment, problem severity, prior AA attendance and type of treatment, and, in both the magnitude of the standardized differences as well as the F statistics and resultant significance tests from one-way ANOVAs.
To determine whether the PS stratification fully balanced the AA and non-AA groups, a twoway ANOVA was performed on each covariate with the PS quintile added as a control factor. This is the F-statistic reported in the fifth column (PS stratification F-statistics). In all cases, the F statistics were greatly reduced by PS stratification, with no significant differences observed post-stratification. For example, an important potential confounder of AA's effect on abstinence is motivation, with the average scores on the readiness to change index at baseline significantly different for the AA-attender and nonattender groups (50.0 and 46.6 respectively, p<.001). After PS stratification, motivation did not significantly vary between the AA-attender and nonattender groups (F=0.08).
Similarly, those in the AA-attender group reported an average of 5.2 dependence symptoms at baseline, compared to only 3.69 symptoms for the AA-nonattender group. This difference was significant at p<.001, with an F-statistic of 42.5. However, when a two-way ANOVA was conducted that compared the number of dependence symptoms as a function of AA attendance status and of PS stratification quintile, the F-statistic was only 0.18 and was no longer significant. Likewise, consider the large difference in number of AA meetings attended in the 12-months prior to baseline by AA attendance at the 1-year follow-up: 36.6 meetings were attended during the year prior to baseline in the group that had attended AA during the 12-months prior to follow-up, versus 8.08 meetings in the group that had not been exposed to AA during the follow-up period. This difference in number of meetings was highly significant prior to stratification (F=42.3) but stratification seems to have effectively controlled this potential confounder (F=0.32, not significant). Another Next, we consider the effect of PS matching on the potential confounders. When the AAattender group at follow-up was matched using the AA-nonattender group (shown at the righthand columns of table 1), PS matching performed well in balancing the potential confounders, with most standardized differences between the attender and non-attender groups reduced to below 10% and no significant differences observed. For example, the standardized difference in dependence symptoms between the AA attender and nonattender groups was reduced from 56% (before PS matching) to 9.8% (after PS matching), more than an 80% reduction in bias. Likewise, the difference in the mean number of AA meetings attended in the 12 months before baseline went from 59% between those who did and did not attend AA at follow-up, to 8.2% after matching. However, three covarates (age, being single, and readiness to change) still had standardized differences larger than 10% (but less than 15%) after matching, and one of the coercion measures (counts of sources suggesting treatment) had a standardized difference as large as 16.8% between the attender and non-attender groups after matching When the AA-nonattender group was matched using the AA-attender group, most of the covariates had standardized differences less then 10% and no significant differences emerged (results not shown). However, five covariates still had standardized differences larger than 10% (but less than 15%) after matching, and two other covariates had standardized differences larger than 15% (ASI severity 16%, and readiness to change 17%).
While no fixed cutpoint has been defined for the achievement of fully balancing the groups, the relatively high standardized differences that remained after PS matching for some confounders suggest that the effect of these variables should be further adjusted when estimating the effect of AA on abstinence. Thus, we will present conditional effects as well as unconditional effects. Two conditional effects models were considered, using generalized estimating equations (GEE) that adjusted for the respective sets of covariates whose standardized differences remained above 15% and 10% after PS matching
AA Attender versus Non-attender
After examining the extent to which the PS stratification and PS matching approaches balanced the potential confounders between the AA-attender and AA-nonattender groups, the AA effect before and after the PS method was studied (step 3; Table 2 ). Before any PS adjustment, the difference in the rates of past 30-day abstinence prior at the 1-year follow-up between the AAattender and AA-nonattender groups was 30.8% (i.e., 68.6% were abstinent in the AA-attender group and 37.7% were abstinent in the AA-nonattender group), representing an odds ratio (OR) of 3.6. Using the PS stratification method, the overall adjusted difference between AAattenders and AA-nonattenders was 26.5% (i.e., .696 -.431, see "adjusted" row in the "Propensity Score Stratification" section of the table); this is equivalent to an OR of 3.0. For each quintile, the differences in the proportion who were abstinent in the AA-attender versus the AA-nonattender groups were 37.7%, 37.7%, 27.4%, 17.6% and 11.8%, respectively, from the lowest to highest propensity score quintile.
Using the PS matching approach (bottom section of Table 2 ), when the AA-attender group was matched using the AA-nonattender group, the difference in abstinence rates was 19% between the AA-attender and AA-nonattender groups (i.e., 67% minus 48%). In this scenario, the overall matched sample had a higher average PS than the original, unmatched sample, because the AA-attender group (the target group being matched to) had a higher PS on average than the overall sample before matching. When, instead, the AA-nonattender group was matched using the AA-attender group, the difference in abstinence rates between the groups was higher-32%. The equivalent OR's for 30-day alcohol abstinence at the 1-year follow-up were 2.2 when the AA-attender group was matched as the target group and 3.7 when the AA-nonattender group was matched. To further adjust for covariates not fully balanced in PS matching, two GEE models were fitted to derive the conditional AA effect after matching. When the AAattender group was matched using AA-nonattenders, the ORs changed from 2.2 to 2.3 after controlling for the one covariate with standardized difference (SD) bigger than 15%, and to 2.6 after the four covariates with SD bigger than 10% were controlled. Similarly, the ORs changed from 3.7 to 3.4 (adjusting for SD>15% or for SD>10%), when the AA-nonattender group was matched using AA-attenders.
Discussion
Those who attended AA the year following treatment-seeking differed significantly from those who did not attend, in terms of age (the mean age for the AA-attenders was higher than for the nonattenders) and marital status (more married people were in the AA-nonattenders than attenders). AA-attenders at follow-up also tended to have had higher alcohol problem severity and greater readiness to change at baseline, and were more likely to have reported prior exposure to AA, to have received pressure to seek help, and to have been recruited at a public community program or a private hospital treatment program rather than at an HMO program. These variables represent a certain predisposition to attend AA, referred to in the literature as a self-selection bias. To the extent that these variables also independently relate to higher rates of abstinence, they are potential confounders of AA effectiveness. Randomized trials would balance the AA-attender and AA-nonattender groups, removing the self-selection bias by randomizing individuals to either attend AA or not attend AA. As discussed in the introduction, no randomized trials of AA per se have reported a positive effect for those randomized to the AA condition. In part, this was because many individuals who were randomly assigned to the non-AA conditions also attended AA, highlighting the difficulty with trying to establish AA effectiveness using randomized designs.
We used a statistical approach, propensity scores, to equalize the AA-attender and AAnonattender groups prior to evaluating the relationship between AA attendance and alcohol abstinence in a sample of treatment seekers. Although this could not balance the groups on unobserved confounders, it was effective at balancing the groups on the observed confounders. After stratifying the study participants based on their propensity to attend AA (operationalized as a propensity score), differences in age, marital status, problem severity, readiness to change, prior AA exposure, and pressure to seek help between the AA attenders and AA nonattenders disappeared. Both propensity score techniques, stratification and matching, yielded similar results. Although there is no single optimal approach to apply the PS method, the use of these two techniques suggests the robustness of the findings. We conclude from this exercise that propensity score stratification and propensity score matching can be used to partially address the selection bias associated with one's propensity to attend AA.
How much of a correction did the propensity score method introduce into the assessment of AA effectiveness? Using the PS stratification technique, the difference in abstinence rates between the AA-attenders and nonattenders was adjusted downwards, by about 14%. Prior to PS stratification or matching, the rates of abstinence for the 30 days prior to follow-up were 68.6% among those who had attended AA and 37.7% for those who had not (a difference of 30.8%). Using stratification, the rate of abstinence among those who had not attended AA was 43.1%, while it remained at 69.6% for those who had attended AA (a difference of 26.5%). Stratification thus narrowed the advantage for abstinence in the AA-attender group by 4.3 percentage points, or by 14% (4.3%÷30.8%).
When the AA attender group was matched using the nonattender group, the AA advantage narrowed further still, yielding a difference of 19.1%, equivalent to an OR of 2.2. When the few covariates that were not fully balanced were further adjusted in the GEE models, the OR changed to 2.6, still less than the OR of 3.6 in the unadjusted sample. While this PS matching technique of matching the treatment group (here, the AA attenders) as the preferred target group is most commonly reported in the literature, the difference between the unadjusted and adjusted AA effect should be viewed with some caution: This matched sample had a higher average PS than the original, unmatched sample, so that the comparison between the unadjusted and adjusted effects was based on different distributions of the underlying factors related to AA attendance. Nonetheless, while there definitely was a selection bias that confounded the effect of AA in the sample, it was not great. This aspect of our results confirm the robustness of AA effectiveness overall, because the results for higher abstinence associated with AA attendance following either type of propensity score adjustment were not greatly different from the unadjusted effect for AA attendance.
The PS stratification technique proved especially illustrative in terms of the degree of confounding caused by self-selection in evaluating AA effectiveness in non-experimental studies. It seems to suggest that, in terms of abstinence, AA is more helpful, or matters more, for those with a lower propensity to attend AA. Conversely, for those with a high propensity to go to AA, attending AA does not seem to make much of a difference in their odds of abstinence. We say this because the difference in the rate of abstinence between the AA attenders and nonattenders was very small, and was not statistically significant, in the stratification subclass which had the highest propensity scores for AA attendance: only a 12% difference in abstinence between the AA-attender and AA-nonattender groups in stratification subclass 5 (OR=1.6).
In contrast, 70% of the AA attenders in the stratification subclass with the lowest propensity scores (subclass 1) were abstinent, but only 32% of the AA nonattenders were abstinent-a 38% difference in abstinence rates, with an odds ratio of 4.9 favoring abstinence for those who attended AA in the year following treatment. The effect modification was also evident in stratification subclass 2, with a 38% difference in abstinence rate observed between AA attenders and nonattenders; for individuals in that stratum, attending AA increased their odds of abstinence by 5.0 over those who did not attend AA following treatment.
The observed modification of the effect across different strata with varying propensity scores using the PS stratification technique was similarly detected in PS matching, but is less intuitive. To summarize those results, the Odds Ratios for abstinence were 3.7 when the AA-attender group was matched using the AA-nonattender group, and 2.2 when the AA-nonattender groups was matched using the AA-attender group. When the AA-attender group was matched as the target group, the average PS, the probability of going to AA, for the overall matched sample was 0.68, whereas the average PS for the whole matched sample was 0.43 when the AAnonattender group was matched as the target group. As in PS stratification, the OR for abstention associated with AA shrank from 3.7 (studying AA's effect among a sample with a lower propensity to attend AA when we matched the AA-non-attender group by the attenders) to 2.2 (studying a sample with a higher propensity to attend AA when we matched AA-attender group by the non-attenders). After controlling for covariates not fully balanced by PS matching, this variability in AA effectiveness was still observed, but was of a smaller magnitude: the adjusted OR for abstinence when AA attenders were matched using nonattenders was 2.6, in comparison to an adjusted OR of 3.4 when AA nonattenders were matched using attenders.
This pattern of effect modification suggests that when propensity scores are higher (and by extension, one's motivation, problem severity, and prior treatment and AA exposure levels are high), the AA effect is not as strong as when the propensity scores (and propensity to attend AA) are lower. This may help to explain, in part, why TSF-type interventions are effective: they help those who would otherwise not avail themselves of AA, to do so. Results from Timko's trial of intensive referral to AA found a stronger effect for those with less prior AA exposure (Timko et al., 2006b) , which is consistent with our findings of a stronger AA effect among those in the low propensity quartiles (where prior AA exposure also was low). The propensity scores constructed here also considered motivation to change, and the pattern of findings with PS stratification lend partial support for concerns about AA effectiveness being confounded in naturalistic studies if only the more motivated individuals tend to attend AA. Since the propensity scores include multiple potential confounds, it is not possible using this technique to parse out the bias associated with motivation versus prior AA exposure or problem severity, etc.
Researchers have argued for the need to "extend the evidence hierarchy" beyond the randomized clinical trial in assessing the effectiveness of services for individuals with alcohol and drug problems (Tucker and Roth, 2006) . Statistical techniques that address the selection bias in observational studies represent part of this call to enhance evidence-based practice. We encourage more research in this area, as there is a great need for better studies of AA effectiveness. We recruited individuals at treatment entry, so ours is a study of AA effectiveness among treatment seekers who received at least some treatment. Future work should apply this technique to samples of untreated problem drinkers; and, to individuals who complete a full course of treatment. Our results suggest that the propensity score approach can be very useful in understanding the underlying confounders of AA effectiveness, and it will be important that our results be replicated, as ours is the first to apply this approach to the study of AA effectiveness. Please note that the two techniques used here, PS stratification and PS matching, are not the only applications of the propensity score method; other approaches, such as PS weighting and PS covariance adjustment, have also been proposed in the literature. These alternative techniques were not explored in this study, because of the potential bias they might have introduced. In an analysis comparing five methods for adjusting a confounding bias, Kurth et al. (2006) showed that the "inverse-probability-of-treatment-weighted" approach (PS weighting) greatly biased the treatment effect, as a result of excessively influential weights being assigned to observations with low propensity scores. The other method, covariance adjustment, can increase the bias if the covariance matrices in the treated and control groups are unequal (Rubin, 1979 ), prompting D'Agostino Jr. (1998 to suggest that PS matching and stratification methods (the approach taken here) should be preferred.
Finally, some limitations of the study should be noted. First, our analysis is restricted to a sample with relatively small size. This is a limitation particularly for the PS matching method, in which a large control pool is normally required for one-on-one matching. While matching with replacement was applied to reach the best match, the results might be sensitive to those individuals used many times during the matching. To examine the sensitivity of our finding, and also to confirm that our findings hold for a stronger (and perhaps more meaningful) level of AA exposure than having attended perhaps a single meeting, we replicated our analysis using a different categorization to designate AA exposure during the follow-up period: 3 or more meetings, versus no more than 2 meetings. Using the PS stratification technique, the adjusted OR for abstinence associated with attending 3 or more AA meetings at follow-up (compared to 2 or fewer meetings) was 3.3, a moderate drop from the unadjusted OR of 3.8. Effect modification was also observed in the quintiles from lowest to highest PS, with respective ORs of 4.7, 5.3, 2.5, 2.8 and 2.3. Under PS matching, the OR for abstinence was 2.8 when the 3+AA attender group was matched by the <3 meetings group, and the OR was 3.3 when the <3-meetings group was matched by the 3+ group. Overall, the sensitivity analysis confirmed the main findings of our analysis. However, the effect modification comparing the two different matching target groups was not quite as strong as we had observed before, calling for replication of our study with a bigger sample (and, for considering various cut-points of AA exposure, guided by the literature).
Second, only observed confounders could be included in the construction of the propensity scores; thus "omitted variables" not observed remain unadjusted. Our study did not ask respondents about several important mediators of AA effectiveness that have been recognized since these data were gathered, such as self-efficacy (Kelly et al., 2002; Morgenstern et al., 1997) and coping skills (Timko et al., 2005) . We also do not have data on length of stay in treatment. These variables could well act as additional confounders, and would be appropriate to include in the Propensity Score calculation.
Third, while we addressed the potential temporality problem somewhat by minimizing the overlap of periods measuring AA attendance (last 12 months at the 1-year follow-up) and abstinence (last 30 days at the 1-year follow-up), our approach is not totally free from the "reverse causation" problem. For example, earlier AA attenders might keep going to AA after they quit drinking, while those who keep drinking are more likely to drop out of AA. In this case, the later AA attendance is caused (or sustained, one could argue) by abstinence, rather than the other way around. To at least partially address this problem, in our study the abstainers at baseline were dropped from the analysis.
Still other limitations arise from attrition from the follow-up interview and from cases on variables necessary for constructing the propensity scores. While the attrition analysis found no differences in alcohol problem severity, males and African Americans were underrepresented at follow-up (Kaskutas et al., 2002) . However, since AA attenders and nonattenders were matched either by stratification or by case-by-case matching, subjects in analyses using the propensity score approach thus are not considered randomly selected, and inference is not based on probability sampling. For this reason, the problem of non-random missing cases is somewhat less a concern here. Lastly, these data were collected about 10 years ago. This is somewhat less of a concern, because of our emphasis on a statistical technique to address a substantive open question in the literature of high relevance to providers and policymakers. However, it is possible that other confounders of AA effectiveness (in addition to those just mentioned) may be at work today, which may have arisen due to economic and other changes in the last 10 years. Table 1 Comparison of potential baseline confounders in the AA-attender and AA-nonattender groups, before and after propensity score (PS) stratification and PS matching Table 2 Rates of 30-day abstention at 1-year follow-up based on AA attendance status during the follow-up period, before and after propensity score stratification and propensity score matching 
